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Up and down sample rate conveiter 



The invention relates to a sample rate converter for converting an input sample 
rate of a signal into an output sample rate. 

The invention also relates to a method for converting an input sample rate of a 
signal into an output sample rate, and to a computer program product for converting an input 
S sample rate of a signal into an output sample rate, and to an apparatus comprising such a 
sample rate converter. 

Sample rate converters are for example used in an apparatus like aplayer, a 
recorder and/or a receiver for audio and/or video like for example Compact Disk players. 
Digital Audio Tape players and/or recorders. Television receivers. Digital Versatile Disk . 
10 players and/or recorders etc., and/or are for example used in an apparatus like a video 
reproducer like for example monitors, displays, screens etc. 

A prior art sanople rate convoter is known from US 6,208,671 Bl, which 
1 S discloses a sample rate converter comprising an iuterpolation filter for upsanq>ling with an 
upsampling &ctor U, a resan:]pler for resan^ling purposes and a decimator for downsampling 
with a downsampling fector D. As described in column 9 of US 6,208,671 Bl, variable 
interpolation is used which involves varying tibe upsan^ling foctor U and/or the 
downsanxpling foctor D to ensure that the product of tiie &ctor D and the output sanq>le rate : 
20 is not equal to or nearly equal to the product of the factor U and the input sample rate. 

The known sample rate converter is disadvantageous, inter alia, due to being 
coinplex: the resampler must calculate an estimate of the product of the fector U and the 
input sainple rate and feed this information back to a First-Ih-First-Out memory in the 
interpolation filter for, as described in column 8 of US 6,208,671 Bl, zero-order hold the data 
25 dependently upon the fector U, for retiming the data dependently upon the fector D, and for 
compensating for the difference between the product of the fector U and the input sample rate 
and the estimate of this product as calulated by the resampler. 
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It is an object of the inventioii, inter alia, of providing a less complex sample 
rate converter which can be switched from an upsampling mode to a downsampling mode ' 
and vice versa. ■ • 

Further objects of the invention are, inter alia, providing a less caa^lex 
method and a less complex computer program product and a less complex ^aiatus 
comprising a sample rate converter, which method, computer program product and sample 
rale converter can be switched from an upsampling mode to a downsan5)ling mode and vice 
versa. 

The sample rate converter according to the invention for converting an input 
sample rale of a signal into an ou^ut san^le rate conqirises a sample nite ad^ter for, m 
response to a control signal having a first value, adapting an intermediate sample rate'such 
that the output sanq>le rate is larger than the input sample rate, and for, in response to a 
control signal having a second vahie, adapting the intermediate sanq>Ie rate such flat the 
output sample rate is smaller than ifae mput sample rate. 

By providing the sample rate converter with the sample rate adapter for 
adapting the intermediate sample rate, which intermediate sample rate can be found (is 
located or is situated) in the sample rate converter between the iiq>ut sample rate and the 
output sample rate, in response to the control signal having the first vahie, fbe sample rate 
converter is switched into the upsampling mode (flie ou^ sample rate is larger than the 
input sample rate), and in response to the control signal having the second value, fhe sample 
rate converter is switched into the downsampling mode (the output sample rate is smaUer 
than the ii^ut sample rate). Such a sample rate adapter is of a much lower complexity than 
the prior art lesampler, and Hie prior art feedback loop no longer is necessary. 

In a first embodiment of the sample rate converter according to the invention, 
the sample rate ad^ter comprises a variable sample rate decreaser for variably decreasing the 
intermediate sample rate. Herewith, the sample rate converter can be used in video 
q>pHcations requiring DC-out being equal to DC-in, due to this san^le rate converter solving 
the DC problem, as frirther discussed below. 

In a second embodiment of the sample rate converter according to invention, 
the sample rate converter comprises a fixed sample rate increaser for fixedly increasing Ae' 
input san5>le rate and for generating a signal with the intermediate sample rate destined for 
the variable sample rate decreaser. Herewith, a filter located between the fixed sample rate 
increaser and the variable sample rate decreaser can be designed solely dependenfly upon the 
fixed sample rate increaser, and is independent from fhe variable saniple rate decreaser 
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(independent from the adaptable intetmediate sample rate). Compared to US 6,208,671 Bl, in 
' which the filter following a unit for variably upsampling the input sample rate with (a part of) 
the variable fector U must be ad^ted in dependence of (the part of) the variable fector U, the 
filter in the sample rate converter according to the invention between the fixed sample rate 
increaser and the variable sample rate decreaser can be fixed and does not need to be adapted 
in dependence of a variable decreasing &ctar. This is advantageous. 

In a third embodiment of the san^le rate converter according to the invention, 
the fixed sanq>le rate increaser increases the input sanople rate with a fixed incieasing fector 
K, with the variable sample rate decreaser variably decreasing the intermediate sample rate 
wifli a variable decreasing fector L, witih L ^ K. Herewifli, a filter located afler the variable 
saxaple rate decreaser will be independent fiwm the variable decreasing fector L and does not 
need to be ad^rted in d^endence of this variable decreasing fector L. This is advantageous. 

In a fourth embodiment of the san5)le rate converter according to the 
invention, the sample rate converter comprises a fixed sample rate dea-easer for fixedly 
decreasmg a variably decreased intermediate san^le rate wife a fixed fector M and for 
generating a signal wife fee output sample rate. Herewith, fee filter located between fee 
variable sample rate decreaser and fee fixed sample rate decreaser can be designed solely 
dependently upon fee fixed sample rate decreaser, and is independent ftom fee variable 
sample rate decreaser. Cknrtpared to US 6,208,671 Bl, in which fee filter just before a unit fixr 
variably downsampling fee ou^ut sample rate wife (apart of) fee variable fector D must be 

ad^rted in dependence of (the part of) the variable fector D, the filter in the san5)le rate 
converter according to fee invention between fee variable sample rate decreaser and fee fixed 
sample rate decreaser can be fixed and does not need to be ad^ited in dependence of a 
variable decreasing fector. This is advantageous. 

In a fiflh embodiment of fee sample rate converts according to fee invention, 
fee sample rate adapter comprises a variable sample rate increaser for variably increasing fee 
intermediate sample rate. Herewith, fee sample rate converter can be used in audio 
appUcations not requiring DC-out being equal to DC-in, due to this sample rate converter not 
solving fee DC problem. The variable increasing fector L introduces a variable amout of 
spectral images, and a DC input signal introduces a varisible amoimt of L hnages, which 
practically cannot all be suppressed by a filler. Therefore fee ou^ut signal conespondmg 
wife fee DC input signal will contain distuibing components, and this problem can only be 
solved through measures which introduce more distoraon. 
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Li a sixth embodiment of the sample rate converter according to the invention, 
the sample lafe converter comprises a fixed san^le rate increaser for fixedly increasing the ' 
input sample rate and for generating a signal with the intermediate sample rate destined for 
the variable sample rate increaser. Herewith, a filter located between the fixed sample rate 
increaser and the variable sample rate increaser can be designed solely dependenHy upon tiie 
fixed sample rate increaser. and is advantageously independent fiom the variable sample rate 



mcxeaser. 



In a seventh embodiment of the sample rate converter according to the 
invention, tiie sanq>le rate converter compiises a fixed sample rale decreaser for fixedly 
decreasing a variably increased intermediate saniple rate and for generating a signal with the 
ou^ut sample rate. Herewith, &e filter located between the variable sample rate mcreaser 
and the fixed sanqtle rate decreaser can be designed solely dependently upon the fixed 
sample rate decreaser, and is advantageously independent from the variable sample rate 



mcreaser. 



Embodiments of the method according to the invention and of the computer 
program product according to the invention and of the apparatus according to the invention 
correspond with the embodiments of the sample rate converter according to the invention. 

The invention is based upon an insight, inter alia, that prior art sample rate 
converters either have double (paraflel) structures for upsan^iling and for downsamplmg, 
which double (parallel) structures require bookkeepmg and introduce switching problems, or 
have con^lex stractures with ad^table filters, and is based upon a basic idea, mter alia, that, 
in a sample rate converter having a non-double (non-parallel) or sii^e (serial) structure, an 
intermediate sample rate neither being tiie input san^le rate nor being the ou^ut sairple rate 
is to be adapted such that overall i^san5)ling as well as overaU downsampling is possible. 

The invention solves the problem, inter alia, of providing a less complex 
sample rate converter which can be switched fit)m an upsampling mode to a downsampling 
mode and vice versa, and is advantageous, inter alia, in that this sample rate converter is of a 
low complexity and does not require any bookkeeping and does not introduce aay switchmg 
problems. 

These and other aspects of the invention will be apparent from and elucidated 
with reference to the embodiments(s) described heiemafier. 
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Fig. 1 illustrates in block diagram form a sample rate converter according to 
' the invention comprising a sample rate ad^ter in the form of a variable sample rate 
decreaser. 

Fig. 2 illustrates some spectra for the sample rate converter sho^ in Fig. 1 for 

a fixed &ctor K, a fixed :&ctor M, and five values fiir a variable &ctor Li 

Fig. 3 illustrates in block diagram form a sano^le rate converter according to 

the invention conqirising a sample rate adapter in the form of a varid)le sample rate 
increaser, and 

Fig. 4 illustrates in block diagram form an apparatus according to the 
invention coiiqirising a sample rate conveiter acconling to the i^^ 

The sample rate converter 1 2 according to the invention shown in Fig. 1 
con^ses a fixed sample rate increaser 1 for fixedly increasing an input sample rate Fsi of an 
iaput signal and for generating a signal with/at an increased input sample rate or intermediate 
sample rate to be suppKed via a first filter 2 to a variable sample rate decreaser 3. A 
variably decreased intermediate sample rate originating from the variable saniple rate 
decreaser 3 is suppHed via a second filter 4 to a fixed sample rate decreaser 5 fiw generating 
an output signal witb/at an ou^ut sample rate Fs4. 

The sample rate converter 12 converts the input sample rate F^i of the h^vtt 
signal into the ou^t sample rate F^ of the ou^ut signal in a variable way, due to the sanqple 
rate ad^rter 3, in resporise to a control signal CTEIL having a first value, adqrtmg an 
intermediate san5)le rale F«2 of the signal arriving via filter 2 such that flie sample rate 
converter 12 performs i^sarnpling, and, in response to a control signal CTRL having a 
second value, ad^ting the intermediate sample rate F^a such that the sample rate converter 12 
performs downsampling. 

The fixed sample rate increaser 1 increases the input sample rate Fsi with a 
fixed increasing fector K, and the variable sample rate decreaser 3 variably decreases tiie 
intermediate sample rate Fs2 with a variable decreasing fector L, and fixed sample rate 
decreaser 5 decreases a variably decreased intermediate sample rate Fgs witii a fixed fector M. 
In case of R = Fg* / F,i, R = K / (M«L). For upsanq)ling, R > 1 and L < K/M. In that case, the 
one or more first values are such that L < KM. For downsampling, R < 1 and L > K/M. In 
that case, the one or more second values are such that L> K/M. With Ri<R<R2 and with 
Ri < 1 and Ra > 1, the sample rate converter 12 can switeh between two non-integer vahies 
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Ri andR2 and flietefisre switch between downsampling and upsampling through varying the 
fector L. Preferably, fte relative change AL/L is as small as possible. When being for ' * 
example smaller than 20%, the relative errors are smaUer, when being for example about 
50% or about 100%, the relative errors are larger. 

In case of K being fixed, the first filter 2 having a filter characteristic Go(z) can 
be designed independently fi»m the fector L, and in case of L £ K, there will be no aliasing 
in the ou^ut signal of fee variable san^le rate decreaser 3. This first filter 2 conges a low 
pass filter for suppressing K-1 images in fee signal generated by sample rate increaser 1 . The 
bandwidfe of filter 2 is for example ic/K, wife jc corresponding wife half fee sampling 
fisquency at fee output of sample rate incieaser 1. 

Fig. 2 iUustcates some spectra for fee sample rate converter 12 shown in Fig. 1 
for K = 5, M = 2, and L = 1, 2, 3, 4 and 5, The input signal (iapat) is an arbitrary signal 
which may con:q)rise energy at each fi»quency in its spectrum. The ou^ut signal of fixed 
sample rate increaser 1 (K = 5) con:5>Tises fee input signal and four images, wife feese four 
images being filtered by first filter 2 (Go(z)). The output signals of variable sample rate 
decreaser 3(L=l,L = 2,L = 3,L = 4,L = 5)are filtered by second filter 2 (Gi(z)) 
comprising a low pass filter having a bandwidfe offer example TtM. For L = 1 and L = 2, 

second filter 2 can be avoided For L = 3, L = 4 and L = 5, second filter 2 exactly attenuates 
the fisquency components which cause aliasing. 

For aDC input signal, fee fixed sample rate increaser 1 generates unwanted 
components at fee multiples of fee inpat sampling ftequency. Wife first filter 1 being 
designed to have zeros at feese frequencies, fee images are suppressed well. As a result, fee 
DC problem is solved by this sample rate converter 12, which is feerefore suited to be used in 
video {applications. 

In an actual design for fee sample rate converter 12 shown in Fig. 1 for scaling 
video sequencies, K = 64, M = 2 and 1 < L ^ 64. The sampling ftequency of fee input signal 
is Fsi, fee sanipling frequency at first filter 2 is Fgz = 64 F^, and Go(z) has been designed to 
have a passband firom 0 fo 0.35F8i and a transfer between ± 0.5 dB, to have a stopband fiom 
0.65F,i to 32 Fsi = Fg2 / 2 and a stopband attenuation of ^ dB, and to have specbal zeros at 
multiples of Fgi to meet fee DC problem. 

The sampling ftequency at second filter 4 is Fgs, and Gi(z) has been designed 
to have apassband ftom 0 to 0.35F.3 and a transfer between ± 0.07 dB, to have a stopband 
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fiwm 0.65F83 to Fas and a stppband attenuation of -50 dB, and to have a spectral zero at Fga to 
' meet the DC pioblem. 

The sample rate converter 12 according to the invention shown in Fig. 3 
comprises the same fixed sample rate increaser 1 and the same sample rate decreaser 5 and a 
different variable sample rate increaser 6, and can be used in audio ^Ucations not requiring 
DC-out bemg equal to DC-in, due to this sample rate converter not solving the DC probl^ 
The variable increasing fector L introduces a variable amout of speclial images, and a DC 
iiiput signal introduces a variable amount of L images, which practically cannot aU be 
suppressed by a filter. Therefore the output signal of this sample rate converter 12 
corresponding with flie DC input signal wiU contain disturbing components, and this problem 
can only be solved through measures vMch introduce more distorsion. However, in audio 
^Ucations (K may be equal to for example 2^^), this DC problem is of minor importance. 

Each fixed/variable sample rate increaser/decreaser shown in Fig. 1 and 3 may 
contain one or more (cascading) increasers/decreasers (if more than one then possibly 
separated by one or more filters). Sample Rate Increaser (SRI) 1 (or 6) for example has a 
sampling interval T2 at the output of the SRI 1 (or 6) equal to Tl/K (or Tl/L), wifli Tl being 
the sampling interval at the iiq)ut The SRI 1 (or 6) inserts (K-1) zeros (or (L-1) zeros) 
between every two input saniples. The ou^t signal y[nT2] is equal to x[nTl/BCI (or 
x[nTl/L]) if n is a multiple of K (or L) and y[nT2] is equal to 0 fi>r all other n. Sanq)le Rate 
Decreaser (SRD) 3 (or 5) has a san^ling interval T2 at the output of the SRD 3 (or 5) equal 
to LTl (or MTl), with Tl being the sampling interval at 1b.& input The samples x[nTl] of the 
SRD 3 (or 5), fiw which the time instant n is a multq)le of the integer L (fixaa, if nHL) (or of 
the integer M (flius, if nHM), are transmitted to flie ovtpat All other san^les ace suppressed. 
The signal y[nT2] can be described as follows: y[nT2] = x[nLTl] (or y[nT2] = x[nMTl]. 
Prior art SRIs and SRDs are described m references like A.WJVI. van den Enden, "Efficiency 
in multiiate and complex digital signal processmg", ISBN 90 6674 650 5, Waahe 2001 and 
P J>. Vaidyanathan, "Multirate systems and filter banks, Prentice-HaU, Englewood Cliffi, 
New Jersey, 1993, ISBN 0-1 3-60571 8-7. 

The ^aratus 10 according to the invention as shown in Fig. 4 coiDprises a 
sample rate converter 12 according to the invention located between at least one input unit 1 1 
for receiving input information and at least one ou^ut unit 12 for generating outpat 
infimnation. In case of qjparatus 10 being a Tele Vision receiver, input unit 1 1 for example 
corresponds witii a tuner and/or one or more amplifiers and/or one or more filters and/or one 
or more converters, with ou^ unit 12 corresponding with a display and/or a s<*een 
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including one or more drivers. In case of apparatus 10 being a Compact Disk player, input 
unit 1 1 for example corresponds with one or more optical-to-electrical converters and/or one 
or more an5)Hfiers and/or one or more filters, with output unit 12 corresponding with one or 
more ampUfiers and/or one or more filters and/or one or more converters. In case of 
apparatus 10 being a monitor, input unit 1 1 for example corresponds with one or more 
converters and/or one or more amplifiers and/or one or more filters, with ou^t unit 12 
corresponding with a display and/or a screen inchiding one or more drivers, fii case of 
qjpaiatus 1 0 being a digital printer, input unit 11 for example corresponds with one or more 
converters and/or one or more anaplifiers and/or one or more filters, with ou^ut unit 12 
corresponding with one or more printing modules inchiding one or more drivers. Generally, 
apparatus 10 will be a data processing qjpaiatus. 

The ejqpression * W in "for A" and *'for B" does not exclude that other 
functions "for C etc. are performed as well, shnultaneously or not. The expressions "X 
coupled to Y" and "a coiq)Iing between X and and "coupling/couples X and Y" etc. do 
not exclude that an element Z is in between X and Y. The expressions comprises Q" and 
•T comprising Q" etc. do not exclude that an element R is comprised/included as well. 

It should be noted that the above-mentioned embodiments illustrate rather than 
limit the invention, and tiiat those skiUed in tiie art wiU be able to design many alternative 
embodiments witiiout departing from the scope of tiie appended claims. In the claims, any 
reference signs placed between parentheses shall not be construed as limiting the claim. Use 
of the verb "comprise" and its conjugations does not exclude tiie presence of elements or 
steps oflier tiian tiiose staled m a claim. The article "a" or "an" precedmg an element does not 
exchide the presence of a plurality of such elements. The mvention m^ be implemented by 
means of hardware comprising several distinct elements, and by means of a suitably 
programmed computer. In tiie device claim enumerating several means, several of tiiese 
means m^ be embodied by one and tiie same item of hardware. The mere feet tiiat certain 
measures are recited in mutually different dependent claims does not indicate tiiat a 
combination of these measures cannot be used to advantage. 
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CLAIMS: 



1 • Sample late converter (12) fijr converting an input sample rate (FsO of a signal 

into an output sample rate (Fg4), wherein fke saniple rate coiiverter (12) comprises a sample 
rate adulter (3,6) fiw, in response to a control signal (CTRL) having a first value, adapting an 
intermediate san^le rate (F^) such that the output sample rate (Fs4) is larger fhan ihe input 
sample rate (Fsi), and for, in response to a control signal (CTRL) having a second value, 
adapting flie intermediate sample rate such that the output sample rate (Fs*) is smaller 
than the input sample rate (Fgi), 

2. Sample rate converter (12) accordmg to claim 1, whetem flie sanqde rate 
adapter (3,6) comprises a variable sample rate decreaser (3) fin- variably decreasin^lhe 
mteimediate sample rate (Fa2)- 

3. Sample rate converter (12) accordmg to claim 2, wherein the sample rate 
converter (12) conqaises a fixed sample rate hxcieaser (1) far fixedly increasmg the input 
sample rate (Fgi) and fiir generating a signal with the intermediate sample rate (Fsz) destined 
for the variable sample rate decreaser (3). 

Sample rate converter (1 2) accordmg to claim 3, wherem the fixed sample rate 
increaser (1) increases the mput sample rate (Fgi) with a fixed mcteasing fector K, with the 
variable sample rate decreaser (3) variably decreasing the intermediate sample mte (Fa) with 
a variable decreasing &ctQr L, wifli L ^ K. 

^' Sample rate converter (12) according to claim 4, wherein the sax^le rate 

converter (12) comprises a fixed sample rate decreaser (5) for fixedly decieasmg a variably 
decreased intermediate sample rate (Fai) with a fixed fector M and for generating a signal 
with the output sample rate (Fs4). 
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6. Sample rate converter (12) accarding to claim 1, wherein the sample rate 

ad^ter (3,6) comprises a variable sample rate incteaser (6) for variably increasing ttie ' 
intermediate san^le rate (Fgz)- 

5 7. Sample rate converter (12) according to claim 6, wherein the sample rate 

converter (12) con^jrises a fixed sample rate increaser (1) fijr fixedly increasing the input 
sample rate (Fgi) and for generating a signal with the intermediate sample rate (Fgz) destined 
for the variable saniqile rate increaser (6). 

1^ ^" Sample rate converter (12) according to daim 7, wherein the sample rate 

converter (12) comprises a fixed sample rate decreaser (5) for fixedly decreasing a variably 
increased intermediate sample rate (Fgj) and for generating a signal with the ou^ut sample 
rate(Fs4). 

1^ ^- Mefliod for convertmg an input sample rate (Fsi) of a signal into an output 

sample rate (Fg4), wherein the method comprises a step o^ in response to a control signal 
(CTRL) having a first value, adapting an intermediate saniple rate (F^) such that the ou^ut 
• sample rate (Fs4) is larger than the input sample rate (Fsi), and o^ m response to a control 
signal (CTEIL) having a second value, ad^ting Ihe intermediate sample rate (F^) such that 

20 the ou^ut sample rate (Fs4) is smaller than the iiiput sanqple rate (Fbi). 

10- Computer program product for converting an ii5)ut sample rate (Fgi) of a 

signal into an output sample rate (F,*), wherem the computer program product conqwises a 
fimction o^ in response to a control signal (CTRL) having a first value, adapting an 
25 intermediate saniple rate (Pol) such fbat the output sample rate (Fs4) is larger than the input 
sanaple rate (Fsi), and o:^ in response to a control signal (CTRL) having a second value, 
ad45>ting fiie intermediate sanq>le rate (Fa) such that the ou^ut sample rate (F^*) is smaller 
than the input sample rate (Fgi). 



11. Apparatus (10) comprising a sample rate converter (12) for converting an 

input sample rate (FsO of a signal into an output sample rate (Fg4), wherein the sample rate 
converter (12) comprises a sample rate ad^ter. (3,6) for, in response to a control signal 
(CTRL) having a first value, adapting an intermediate sample rate (F^z) such that the output 
sample rate (F^) is larger than the inpxxt sample rate (Fsi), and for, in response to a control 
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signal (CTEIL) having a second value, adapting the inteimediate sample rate (Fsa) such fliat 

4- I 

* the output sample rate (Ps4) is smaller than the input s 
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ABSTRACT: 



Sample tate converters (12) for ccmverting input san^le rates (Fsi) of signals 
into output sample rates (F^) ate provided with saaq)le rate ad^ters (3,6) for adapting (basic 
idea) intermediate sample rates (Fsz) such that output sample rates (Fs4) are larger 
(upsampling) or smaller (downsan5)ling) than input sample rates (Fgi), to reduce their 
complexily and to avoid bookkeeping and structure switching problems. Sample rate adapters 
(3,6) m the form of variable sample rate decreasers (3) allow the sample rate converters (12) 
to be used in video applications requiring DC-out being equal to DC-in. Sample rate adapters 
(3,6) in the form of variable sample rate mcreasers (6) allow the sanople rate converters (12) 
to be used in audio plications. By locating the sample rate adapter (3,6) between a fixed 
sample rate increaser (1) for increasing with a factor K and a fixed sample rate decreaser (5) 
for decreasing with a factor M, filters (2,4) in between can be designed independently fiom 
the varying &ctor L as long as K and M are fixed and L K 
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